Abstract -Artificial chromosome duplication of diploid genotypes of
INTRODUCTION
The production of polyploid plants has been one of the objectives of breeding programs for the purpose of obtaining differentiated genotypes in order to maximize traits of agronomic interest. Among its advantages, polyploidization allows broadening the genetic base, restoring the fertility of interspecific hybrids, obtaining breeding lines in a short time, and making crosses viable when genotypes are involved with differences in ploidy (Barbosa et al. 2007 , Campos et al. 2009 , Ishigaki et al. 2009 , Souza-Kaneshima et al. 2010 ).
Polyploid plants may occur naturally, arising from some cytological mechanisms, such as formation of unreduced gametes, but they may be obtained synthetically by the induction of chromosome duplication of somatic cells. This procedure is possible by means of interference in the cell cycle, using antimitotic substances or thermal shocks. It affects the organization/polymerization, or causes rupture of the microtubules, which inhibits separation of the chromosomes, and results in the formation of cells with a duplicated chromosome complement (Dhooge et al. 2011 ).
In forage plants, as well as in other species, colchicine has been the antimitotic substance most used for inducing polyploidy (Barbosa et al. 2007 , Campos et al. 2009 , Ishigaki et al. 2009 , Quesenberry et al. 2010 , Souza-Kaneshima et al. 2010 ).
In Lolium, chromosome doubling was first achieved by Meyers in 1939, and the first tetraploid cultivar was released in 1950 (Humphreys 2010) . After the development of flow cytometry, the examination of treated plants and their progeny for ploidy was fastened. Many cultivars were released internationally, and some of these have been recently introduced in Brazil. The attempts to obtain polyploids aim at expanding their potential as a forage crop, especially through enhancement of traits of agronomic interest, such as increases in forage yield and quality. Furthermore, colchicine has been used to obtain polyploids of L. perenne x Festuca arundinacea and L. perenne x L. multiflorum hybrids (Thomas and Humphreys 1991 , Jones and Humphreys 1993 , Pasakinskiene 2000 , Nair 2004 ).
Several comparisons have been made between diploid and tetraploid ryegrasses, and the general conclusion is that RC Pereira et al.
there is some yield advantage of the tetraploids, especially in short-lived species of the Lolium genus. However, tetraploid characteristics depend very much on diploid origins (Humphreys 2010) . Results for forage quality and disease resistance are variable as well. Castro et al. (2003) carried out a study with L. multiflorum plants collected in Brazil, obtained from treatment of seeds with a 0.2 and 0.4% colchicine solution in order to analyze the mutagenic effects of colchicine. The authors observed significant effects in certain agronomic traits; however, it was also observed changes in allele frequency and pronounced mutagenic effects in the plants under evaluation. Besides this study, there are no others regarding polyploids in L. multiflorum genotypes naturalized in the country.
Thus, determination of a practical methodology for obtaining tetraploid plants using adapted genotypes is of great interest for generating tetraploid genotypes for commercial use, and for the future verification of the effects of polyploidy in agronomic traits. The purpose of this study was to obtain polyploid plants of L. multiflorum from local diploid populations using colchicine as a chromosome duplication inducing agent.
MATERIAL AND METHODS
Chromosome duplication was induced in diploid seedlings of L. multiflorum (2n=2x=14), genotype LOL 161, derived from the Forage Plant Active Germplasm Bank of Embrapa Dairy Cattle, Juiz de Fora, Minas Gerais, Brazil. The option for performing the tests with an explant donating genotype (seedling) was based on previous germination tests and tolerance to the toxic effects of colchicine used in the protocols for inducing chromosome duplication. In addition, considering that the genotypes, as well as the type of explant, may provide differentiated results in response to the treatments for chromosome duplication, the use of one genotype in all the treatments leads to uniform analysis regarding a genotypic variable. Moreover, it hinders interpretations of results based on interactions with the environment and treatment conditions, favoring the definition and standardization of the methodology.
The explants were obtained from germination of seeds in vivo. To that end, seeds were placed for germination in a germination chamber (BOD) at a temperature of 15 0 C for 15-20 days. After that, the whole explants (seedlings) were immersed in colchicine according to the concentration and exposure times presented in Table 1 . The explants were also kept in a germination chamber (BOD) at a constant temperature of 15 0 C. After the exposure period, the explants were washed in water and planted in pots containing substrate, which were kept in controlled temperature conditions (15 0 C). Four replications were evaluated, with 24 seedlings/ replication/treatment.
DNA content and chromosome number
Determination of DNA content of plants obtained from seedlings subjected to chromosome duplication was performed by the flow cytometry technique, according to the protocol of Dolezel et al. (1997) . Leaf tissue samples (70 mg) of L. multiflorum and of Vicia faba (standard reference plant) were ground up in a Petri dish containing 1 mL of cold LB01 buffer for nuclei release. The nuclear suspension was filtered through a 50 μm mesh and stained with 25 µL of Propidium Iodide. For each sample, ten thousand nuclei were analyzed using a logarithmic scale. Analysis was made on the FACSCalibur Cytometer (Becton Dickinson); the histograms were obtained with the Cell Quest software and statistically analyzed on the WinMDI 2.8 software.
Chromosome duplication was also verified by means of chromosome counts. The number of chromosomes was determined by evaluation of meristematic cells obtained from root tips pre-treated with water cooled for 24 h, and fixed in Carnoy (ethyl alcohol:acetic acid, 3:1). The slides were prepared by the squash technique and stained with Giemsa 3% for 5 minutes.
The plants effectively confirmed as tetraploids were placed in a greenhouse. In the flowering period, inflorescences were collected to verify pollen viability, and seeds were collected for evaluation of the stability of the progenies in regard to chromosome number and DNA content, following the same procedures described above. Viability of the pollen was determined by means of staining tests with 1% acetocarmine.
RESULTS AND DISCUSSION
The survival percentage of plants ranged from 23% (colchicine 0.1% for 1h 30min) to 80% (colchicine 0.1% for 3h), and from 30% (colchicine 0.1%) to 75% (colchicine 0.1% with 1% of DMSO -dimethyl sulfoxide), for exposure period of 24h (Table 2 ).
The percentage of polyploids obtained among the surviving plants was 10%, 27%, 24% and 18% with the colchicine treatments at 0.25%, 0.5% + DMSO, 0.25% + DMSO and 0.1% + DMSO, respectively (Table 2) . Results show that the addition of DMSO to colchicine favors chromosome duplication in annual ryegrass plants. The efficiency of the duplication procedure was observed for four treatments. Of these, the treatment that provided the best results used colchicine 0.5% + 1% of DMSO for 24h, and allowed 27% regeneration of plants with a duplicated chromosome number.
Quantification of DNA by flow cytometry and chromosome counts showed that the tetraploid plants presented, on average, 12.05 pg of DNA and 28 chromosomes (Figures  1 and 2 ).
Pollen viability of the tetraploid plants ranged from 58% to 69%. Tetraploid plants, obtained from the treatment of colchicine 0.5% + DMSO 1% for 24 h, flowered normally, produced viable pollen grains, but did not produce seeds.
Studies by Nunes et al. (2012) with genotypes of Lolium multiflorum, including two tetraploids, showed higher rates (above 90%) of pollen viability. The authors suggested that the high rate of functional pollen in these genotypes may be associated with meiotic regularity and regular collection timings (8:30 a.m. to 10:00 a.m.) when anther dehiscence begins, implying that viability reaches its maximum.
The tetraploid plants obtained with the other treatments produced viable seeds, which generated 164 progenies, of which 84 derived from the treatment with colchicine 0.1% + DMSO 1%, and 80 derived from the treatment with colchicine 0.25% + DMSO 1%. Of these progenies, 109 presented DNA content compatible with the tetraploid level, showing stability of chromosome duplication in the filial generation.
The survival rate of plants observed in different treatments and times of exposure to colchicine shows the ability of this genotype of L. multiflorum in circumventing the toxic effect of this alkaloid in variable degrees of tolerance ( Table 2 ).
The polyploiding effect of colchicine in L. multiflorum was obtained with 24 h exposure. Contrary to the results obtained by Nair (2004) and Pasakinskiene (2000) , who RC Pereira et al.
obtained polyploid in L. perenne and hybrids of L. perenne x Festuca arundinaceae using colchicine for 3 h, in this study, 1 h 30 min and 3 h exposures were insufficient for affecting organization of the microtubules and inducing the formation of polyploidy cells.
Variation in time of exposure to colchicine was also observed in the induction of chromosomal duplication of Brachiaria (Simioni and Valle 2009 , Ishigaki et al. 2009 , Timbó et al. 2014 . The time of exposure to colchicine used was 48 h (Simioni and Valle 2009 ) and 2 and 3 h (Ishigaki et al. 2009 , Timbó et al. 2014 ).
The results obtained for L. multiflorum show that the seedlings constitute an explant adequate for inducing chromosome duplication under the conditions tested, and that the addition of 1% of DMSO to the colchicine solution maximized, obtaining tetraploids. The DMSO increase cell permeability, allowing greater absorption of the substance, and consequently, strengthens the action of the antimitotic agent and the polyploidization rates (Hamill et al. 1992 , Allum et al. 2007 , Greplova et al. 2009 ). There are studies which state that the use of colchicine solution with DMSO reduces the survival rate of treated explants; however, it increases the survival rate of the polyploids obtained (Hamil et al. 1992) , coinciding with the results observed in this study. Moreover, it was observed that for the L. multiflorum genotype evaluated, there was an increase in the rate of tetraploids related to the increase in colchicine concentration, which does not always occur, due to the increase of toxicity, as observed in Brachiaria (Pinheiro et al. 2000) and in the genotypes of Lolium perenne evaluated by Nair (2004) .
In Brachiaria and Pennisetum, seedlings were successfully used for chromosome duplication. In Brachiaria, the authors obtained 31.3% (Ishigaki et al. 2009 ) and 12.5% (Timbó et al. 2014 ). In Pennisetum, Campos et al. (2009) and Barbosa et al. (2007) 
